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We calculate the mobility of a two-dimensional electron gas residing at the interface of
LaAlO3/SrTiO3 following a three band Boltzmann approach at low temperature, where carrier-
charged impurity scattering process is assumed to be dominant. We explain the anisotropic charac-
teristic of the dielectric function, which is a consequence of elliptical bands close to Fermi surface.
The screening effect, which weakens the long-range Coulomb interaction of the electron-impurity
is considered within the random phase approximation. Working at carrier densities high enough
to neglect the spin-orbit induced splitting of the bands, we find that the mobility varies inversely
with the cubic power of the carrier density (n−32D) in good agreement with the experimental results.
We also investigate the role of variable dielectric constant of SrTiO3, the multiband nature of the
system and interband interactions in exploring this result.
PACS numbers: 68.65.-k,72.10.-d,73.40.-c,73.20.-r
I. INTRODUCTION
The discovery of two-dimensional electron gas (2DEG)
at the interfaces between two perovskite insulators rep-
resented by the formula of ABO3 , mainly LaAlO3
(LAO) and SrTiO3 (STO) has attracted significant at-
tention [1]. Electrons in complex oxides with partially
occupied d-orbitals interact with each other and with
the lattice. This gives rise to a wide extraordinary elec-
tronic properties, including respectable mobility exceed-
ing 5×104 cm2V−1s−1, low temperature superconductiv-
ity [2], colossal magnetoresistivity, ferromagnetism, mul-
tiferroicity and a modulation of Rashba spin-orbit cou-
pling over a large range [3]. Therefore, oxide interfaces
are exciting owing to the opportunities emerging from
broken symmetry, interfacial exchange interactions and
spatial confinement [4]. Most importantly, the nature of
the ground state present in the complex oxide interfaces
depends on the grow parameters of the LaAlO3 layer, its
layer thickness, and the configuration of the heterostruc-
tures with different capping layers on top of LaAlO3 [5].
The carriers in 2DEG are confined within several
nanometer (nm) near the interface, between polar (LAO)
and non-polar (STO) band insulators, as a result of bro-
ken symmetry the profile of distribution has a sensitive
dependence on the carrier density [6]. When the gate
voltage and the charge carrier density are low, the 2D
transport of heterointerfaces may present an inhomoge-
neous character since the distribution of itinerant carriers
is not perfectly uniform. For instance, the charge mo-
bility decreases versus temperature [7] at temperatures
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larger than 10 K, while at low temperatures (T < 10K)
it increases with temperature for n2D ∼ 1013 cm−2. Fur-
thermore, the increment of conductance versus tempera-
ture is observed for n2D ≤ 2× 1013 cm−2 at low temper-
atures.
The charge carrier mobility in LAO/STO has been
measured by many groups and they have attempted to
increase the mobility using many different methods, such
as lower growth temperature [3], polar solvents and con-
ducting force microscopy [8]. Recently, Sanders et al, [9]
measured the charge carrier mobility of doping the LAO
side of the LAO/STO interface, where they showed that
doping has little effect on electron transport and found
that a power law fits to the mobility with respect to the
electron density (n2D) which behaves like n
−3
2D. In ad-
dition, they explained that the mobility is steeply anti-
correlated with carrier concentration, n2D, at low tem-
peratures.
To shed light on the electronic mobility of LAO/STO
interface and its properties, we, in this paper, carry out a
three band Boltzmann equation at low temperature. For
this purpose, we consider the simple three band Hamilto-
nian with only anisotropic nearest neighbor hopping and
furthermore, the screening effect is included through ran-
dom phase approximation (RPA). In this regard, we ex-
plain the anisotropic characteristic of the dielectric func-
tion of 2DEG at the interface. This anisotropy is re-
sulted from the presence of elliptical bands and hence
dependence of the interaction on both |~k − ~k′| and the
angle between them, where ~k and ~k′ are the electron mo-
mentum of the corresponding bands . This structure is
similar to 2DEG structures where the effective mass is
anisotropic and gives rise to anisotropic transport prop-
erties [10]. We emphasize on taking into account the vari-
ability of the dielectric constant of SrTiO3 with carrier
ar
X
iv
:1
60
4.
04
03
4v
1 
 [c
on
d-
ma
t.m
es
-h
all
]  
14
 A
pr
 20
16
2density using a phenomenological relation. We show that
the experimental findings are properly approved consid-
ering the dielectric constant reduction with confinement
field or carrier density and also a reasonable assumption
of variable impurity density. The significance of inter-
band interactions specially at a lower carrier density is
discussed and we demonstrate that the exclusion of these
interactions results in even faster decrease of the mobility
with carrier density.
This paper is organized as follows. The theory and
model Hamiltonian are presented in Sec. II A where the
three band Boltzmann equation is derived and we further
introduce the screening potential in the RPA approach.
Section III is devoted to our analytic and numerical re-
sults for the screening and charge mobility of LAO/STO
interface, in the presence of charged long-range scatter-
ers. We summarize and conclude our main findings in
section IV.
II. THEORY AND METHOD
A. Three Band Model
Several ab-initio calculations have shown that the
2DEG at the interface of band insulators LaAlO3 and
SrTiO3 reside mostly on Ti-t2g orbitals (dxy, dyz, dxz)
[11, 12]. The crystal field reduces the energy of these
orbitals compared to eg orbitals (dx2−y2 , dz2) by 2eV.
On the other hand, dxy orbital is lower in energy by ∆
due to the confinement of the electron gas along the out-
of-plane axis, zˆ. Hopping between two t2g orbitals of
the Ti atoms on neighboring sites is done through the
overlap with the p orbitals of the Oxygen atoms between
them. The hopping terms which couple t2g orbitals of
different symmetry are very small and therefore we can
ignore them [13]. The spatial extension of the dxy (dyz/
dxz) orbital is larger in xˆ(yˆ/xˆ) and yˆ(zˆ/zˆ) with respect
to zˆ(xˆ/yˆ) and therefore their wave function overlap is
stronger along these directions. This leads to the forma-
tion of three bands at the interface, namely; an isotropic
circular band dxy with the same light effective mass along
the x and y directions and two anisotropic elliptic bands
dyz (dxz) with a light mass in the y (x) direction and
a heavy one along the x (y) direction. Here we assume
that the conduction electrons only occupy the lowest t2g
orbitals (even in moderate electron densities, these low-
est bands contain more than 75% of the electron den-
sity [13]). Accordingly, a minimal tight-binding Hamil-
tonian can be written as [13, 14]:
H =

~2k2
2mL
0 0
0
~2k2x
2mH
+
~2k2y
2mL
+ ∆ 0
0 0
~2k2x
2mL
+
~2k2y
2mH
+ ∆
 ,
(1)
in the basis (dxy, dyz, dxz). There are two other impor-
tant terms contributing to the main Hamiltonian of the
system; atomic spin-orbit interaction and Rashba inter-
action [14, 15]. The latter is caused by inversion symme-
try breaking along zˆ at the interface and permits hopping
between adjacent d orbitals with different parity along
the zˆ. The combination of these two additional inter-
actions leads to a Rashba spin- orbit splitting and also
orbital mixing of the bands which are highlighted near
the band degeneracy points. Now if we choose the car-
rier density of the system large enough to stay far from
these points, then we can neglect the Rashba spin-orbit
term and the simple Hamiltonian of Eq. (1) would be
adequate to describe the properties of the system.
B. Boltzmann Approach
Boltzmann equation is a powerful tool to study the
transport properties of an electron gas. The formalism is
based on treating electrons as wave packets whose mean
position and momentum obey classical equations of mo-
tion and all band structure effects appear in velocity
which is related to energy dispersion. The mean free
path of electrons is assumed to be much larger than their
wavelength so that we can consider them as point-like
quasiparticles. In this approach, our aim is to find the
nonequilibrium distribution function of charge carriers
responding linearly to an external field. The relaxation-
time vector is used to express the nonequilibrium part
of the distribution function, which enters the Boltzmann
equation [16]. Starting with the Boltzmann equation in
2D and generalizing it for a multiband system we thus
have
− e ~E.~υn(~k)(−∂f0n) =∑
n′
∫
d2k′
(2pi)2
Wnn′(~k, ~k′)[fn(~k, ~E)− fn′(~k′, ~E)], (2)
where e is the carrier charge, ~E is the electric field,
~υn is the carrier velocity in band n which is related to
the energy dispersion ~k,n through ~υn = (1/~)∇k~k,n,
fn(~k, ~E) is the distribution function in band n and f
0
n
is the same quantity at equilibrium. Wnn′(~k, ~k′) is the
scattering rate from state k in band n to final state
k′ in band n′. Since we only assume elastic scattering
Wnn′(~k, ~k′) ∝ δ(~k,n − ~k′,n′) and microreversibility con-
dition implies that Wnn′(~k, ~k′) = Wn′n(~k′,~k). For spher-
ically symmetrical scattering rates and isotropic bands,
the well known relaxation time approximation would be
the exact solution of the above equation. But when we
have an anisotropic system, this approximation can not
capture all aspects of the transport phenomena. To ac-
count for anisotropies of the bands we follow an exact
integral equation approach [17]. Writing ~E and ~k as
~E = E(cos θ, sin θ) and ~k = k(cosφ, sinφ) and expand-
ing the distribution function in Taylor series up to linear
3order in ~E we get
fn(θ, φ)− f0n = E[An(φ) cos θ +Bn(φ) sin θ], (3)
where An(φ) = ∂Exfn and Bn(φ) = ∂Eyfn. Now substi-
tuting Eq. (3) in (2), we will eventually end up with two
independent sets of integral equations
cos(ξn(φ)) = W¯n(φ)an(φ)
−
∑
n′
∫
dφ′
[
vn′(φ
′)
vn(φ)
Wnn′(φ, φ
′)an′(φ′)
]
,
(4)
sin(ξn(φ)) = W¯n(φ)bn(φ)
−
∑
n′
∫
dφ′
[
vn′(φ
′)
vn(φ)
Wnn′(φ, φ
′)bn′(φ′)
]
,
(5)
where Wnn′(φ, φ
′) = (2pi)−2
∫
k′dk′Wnn′(k, k′) and
W¯n(φ) =
∑
n′
∫
dφ′Wnn′(φ, φ′). We also define An(φ) =
−eυn(φ)(∂f0n)an(φ) and Bn(φ) = −eυn(φ)(∂f0n)bn(φ).
In anisotropic systems the velocity is not parallel to ~k
any more and it’s magnitude is not constant in all direc-
tions. Therefore, we define the angle ξn(φ) as the angle
between the velocity vector in band n and xˆ direction.
In other words, we have ~υn = vn(φ)(cos ξn(φ), sin ξn(φ)).
Eq. (4) and (5) are two independent systems of Fredholm
equations of the second kind and can be solved numeri-
cally provided that we can find an analytical expression
for both vn(φ) and ξn(φ) for each band. For the elliptical
dispersion relation we can find such analytical relations
as
vn(φ)=
~kn(φ)
m(x,n)m(y,n)
×√
(m(x,n))2 sin
2(φ) + (m(y,n))2 cos2(φ), (6)
ξn(φ) = arctan
m(x,n) sin(φ)
m(y,n) cos(φ)
, (7)
where kn(φ) is the angular dependence of momentum vec-
tors of the elliptical bands at Fermi surface
kn(φ) =
√
2F
~
√
m(x,n)m(y,n)
m(x,n) sin
2(φ) +m(y,n) cos2(φ)
, (8)
with m(x,2) = m(y,3) = mH and m(x,3) = m(y,2) = mL.
It can be seen that for a circular band where m(x,1) =
m(y,1) = mL, we have ξ1(φ) = φ, ~k1(φ) =
√
2F and
v1(φ) does not depend on direction any more. The scat-
tering rate is evaluated using Fermi golden rule. Within
the lowest order of Born approximation we have
Wnn′(~k, ~k′) =
2pi
~
ni|〈n′~k′ | Vˆ | n~k〉|2δ(~k,n − ~k′,n′), (9)
where Vˆ is the operator describing scattering and ni is
the areal density of randomly distributed scatterers. Fi-
nally, if we can write | 〈n′~k′ | Vˆ | n~k〉 |2 as a function of
φ and φ′, then for elliptical bands Wnn′(φ, φ′) would be
Wnn′(φ, φ
′) = (2pi)−2
∫
k′dk′Wnn′(k, k′)
=
1
2pi~3
ni|〈n′~k′ | Vˆ | n~k〉|2
(cos2(φ′)
m(x,n′)
+
sin2(φ′)
m(y,n′)
)−1
.
(10)
C. Screening and Transport
To understand the nature of scattering matrix elements
|〈n′~k′ | Vˆ | n~k〉|, which contain both interband and in-
traband terms, we should note that at low temperature
the dominant scattering mechanism is charged impurity
scattering. The strength of Coulomb interaction between
electrons and charged impurity is modified by the screen-
ing of impurities by free electrons. In addition, many-
body effects due to exchange and correlations, which can
be described by a local-field correction [18], have been
neglected in our calculations due to the lack of expres-
sions for anisotropic systems in the literature. We thus
take into account the screening effect within RPA. So
screened electron-impurity interaction would be [18]
V(~q) = (I+Vb(~q)χ(~q))Vb(~q), (11)
where V(~q) is a 3×3 matrix expressing screened electron-
impurity interaction in our three band model and Vb(~q)
is the matrix for unscreened electron-impurity interaction
with the matrix elements of the form
[Vb(~q)]ij = v(~q) exp
−|~q|dij =
2pie2
κ | ~q | exp
−|~q|dij , (12)
in which κ is an average dielectric constant of the sur-
rounding medium. Since dxy orbital is more confined to
the interface, an effective distance d is assumed between
this orbital and other orbitals to capture this effect [19],
so that dij is zero except for (ij) = (12), (21), (13), (31).
The RPA density-response matrix, χ(~q) is also defined
as
χ(~q)−1 = χ0(~q)−1 −Vb(~q), (13)
here χ0(~q) is the noninteracting density-response matrix
with matrix elements [χ0(~q)]ij = χ
0
i (~q)δij , where χ
0
1(~q)
is the density-response function of circular dxy band with
bare-electron mass m and δij is the Koronecker delta [18]
χ01(q;m) =
{
− mpi~2
[
1− 1q˜
√
q˜2 − 1
]
q ≥ 2kF,
− mpi~2 q < 2kF,
(14)
and q˜ = q/2kF. A connection between density-response
function of an elliptical band with masses mx and my
4and that of circular band is found by applying a Herring-
Vogt transformation [20] of the form kx → k′x
√
mx/mD
and ky → k′y
√
my/mD with mD =
√
mxmy. This
rescaling enables us to transform the elliptical disper-
sion relation into a more convenient circular form (k′) =
~2k′2/2mD and to define kF for the elliptical band as
kF =
√
2mDF /~. Therefore, following Ref. [19], χ02 and
χ03 (density-response functions of elliptical bands) can be
found using the transformation below [19]
χ02(~q) =χ
0
1(q
′;mD) ||~q′|→(q2x√α+q2y√ 1α)1/2 ,
χ03(~q) =χ
0
1(q
′;mD) ||~q′|→(q2x√ 1α+q2y√α)1/2 , (15)
where mD =
√
mHmL is equal for both bands and
α = mL/mH . Finally, these definitions will lead us to
calculate matrix elements of screened electron-impurity
interaction and then we can solve systems of Eq. (4) and
(5) to find nonequilibrium distribution functions of each
band.
The current density in band n of an electronic system
is defined by
~Jn( ~E) =
∫
d2k
(2pi)2
e~vn(~k)fn(~k, ~E). (16)
Substituting the calculated distribution function of Eq.
(3) in the above expression and keeping in mind that
(−∂f0n∂ ) ' δ(~k,n − F) (which for an anisotropic band
depends on both |k| and φ at low temperature), the con-
ductivity of each band would be
σnxx/σ
n
yy =
1
(2pi)2
(
2Fe
2
~2
)×∫
dφ{ (m(x,n))
2 sin2(φ) + (m(y,n))
2 cos2(φ)
(m(x,n) sin
2(φ))2 +m(y,n) cos2(φ)
× cos(ξn(φ)− θ)[an(φ) cos θ + bn(φ) sin θ]},
. (17)
with θ = 0 for σxx and θ = pi/2 for σyy. We can also
find the mobility of each band as µn = σn/n2D,ne with
n2D,n being the electron density of band n. Finally, for
a multiband system the total mobility is
µT =
∑
n n2D,nµn∑
n n2D,n
. (18)
In order to find transport properties of this system, di-
electric constant of SrTiO3 appearing in Coulomb in-
teraction plays an important role. Although the low-
temperature dielectric constant of SrTiO3 is extremely
large (κ ∼ 25000), it also depends on the electric field
at the interface. As the electron density and hence the
electric field at the interface increases, the dielectric con-
stant decreases nonlinearly. Fitting experimental data
of Refs. [21] and [22], Copie et al, proposed a field de-
pendent dielectric constant of the form κ = 1 + χ01+E/EC
10-3 10-2 10-1 100 101 102 103 104 105 106
0
5000
10000
15000
20000
25000 Ref. [25]
n 2D (cm-2)
κ
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0
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20000
E (kV/cm)
κ
Ref. [23]
FIG. 1. (Color online) Electric field dependence of the di-
electric constant of SrTiO3. The solid line refers to Ref. [25]
and the dashed line is based on data from Ref. [23]. Inset:
The dielectric constant as a function of the electron carrier
density obtained from κE = en2D.
with χ0 = 24000 and EC = 4.7 KV/cm [23]. Recently,
Gariglio et al, have also proposed a field dependent di-
electric constant κ = 1 + B
[1+(E/E0)2]1/3
based on their
own experimental results together with estimations of
Ref. [24] with B = 25462 and E0 = 82213 V/m [25].
The displacement field at the interface is also related to
the carrier density by D = en2D. In Fig. 1, we compare
the dielectric constant versus electric field for these two
equations. As we can see there is a good agreement be-
tween the graphs specially for higher electric field (and
higher electron density) region, which we are interested
in. The density dependence of the dielectric constant of
the latter (which we have used in our calculations) is also
shown in the inset of Fig. 1.
III. RESULTS AND DISCUSSIONS
Numerical results for transport properties of the sys-
tem are obtained in a range of carrier density n2D be-
tween 3 × 1013 cm−2 and 4 × 1014 cm−2. We set
mL = 0.68me and mH = 7.56me [25]. Band offsets
between dxy and the other bands increases as the con-
finement field or electron density increases, but we as-
sume a constant ∆ = 80 meV in our calculations [19].
For effective distance between dxy and other orbitals we
choose d = 2a [19] where a = 3.9 A˚, since its decrease
with increasing the electron density does not affect final
results effectively.
In order to find matrix elements of the screened
electron-impurity interaction of Eq. (11), static dielectric
5-3 -2 -1 0 1 2 3
-3
-2
-1
0
1
2
3
ε (q)
2.0
1.8
1.5
1.3
1.0
~ q y
~q
x
FIG. 2. (Color online) Dielectric function of the t2g in-
teracting model versus components of the scaled momentum
(q˜ = q/
√
2pin2D). The electron density is n2D = 8 × 1013
cm−2. The anisotropy of the Fermi surface has resulted in a
scattering angle dependent dielectric function.
function of the system within RPA approach is found as
ε(~q) = (1 + v(q)χ01(~q))[1 + v(q)(χ
0
2(~q) + χ
0
3(~q))]
− v2(q)e−2qdχ01(~q)[χ02(~q) + χ03(~q)].
(19)
Having calculated the dielectric constant of the system
as a function of the electron density, we could calculate
the screening of the system. In Fig. 2, we plot the dielec-
tric function versus components of scattering momentum
for n2D = 8 × 1013 cm−2. The dielectric function of the
system diverges when |q| −→ 0 and the anisotropy of the
Fermi surface has resulted in a scattering angle depen-
dent dielectric function.
The solid line in Fig. 3 is the main result of this pa-
per, where we show the mobility variations of the system
with increasing carrier density. We find that the mobility
of the system decreases sharply when the carrier density
enhances and it can be scaled as µ ∝ n−32D in agreement
with the avilable experimental data [9, 26]. This behav-
ior is the direct consequence of considering the variations
of dielectric constant of SrTiO3 with the carrier density.
Reducing the density of carriers results in an increase in
dielectric constant, so that the screening effect would be-
come more pronounced, which leads to electrons of higher
mobility. We also assume that the impurity density is not
constant for the whole range of carrier density. This as-
sumption is somehow physical, since whatever the mech-
anism of increasing the carrier density is, it would lead to
an increase in charged impurity density as well, so that
here we employ ni = 0.01n2D. The dashed line in Fig.
3 shows the mobility of the system for a constant impu-
rity concentration ni = 10
11 cm−2. The graph is plotted
in a broad range of carrier density, so the assumption of
5 10 15 20 25 30 35 4010
2
103
104
105
106
107
ni=0.01n2D
n2D (1013cm-2)
µ
(cm
2
/V
s)
10 20 30 40
1000
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10000
15000
20000
25000
n2D(1013cm-2)
µ
(cm
2
/V
s)
ni=10
11
cm
-2
FIG. 3. (Color online) Electron mobility versus 2D carrier
density considering ni = 0.01n2D (solid line) and ni = 10
11
cm−2(dashed line). The mobility of the system decreases
sharply when the carrier density enhances and the solid line
is scaled as µ ∝ n−32D. The symbols indicate a fit function. In-
set: Mobility versus 2D carrier density considering a constant
dielectric constant (κ = 50) for the case of ni = 0.01n2D(solid
line) and ni = 10
11 cm−2(dashed line).
constant ni leads to ni ≈ 3 × 10−4n2D for higher den-
sities and obviously such a low impurity-carrier density
ratio can not capture the proper physics of the system.
As can be seen from Fig. 3, although the mobility of the
system is reduced in this case, but the reduction slows
down at higher densities. We should mention that be-
cause of the high mobility in the LAO/STO interface, we
expect that multiple scattering effects are not important
for this system. In the inset we show the mobility of the
system, assuming a constant dielectric constant κ = 50
for SrTiO3. The intense reduction of the mobility by in-
creasing the carrier density is strongly suppressed, owing
to the constant dielectric constant assumption confirm-
ing the significant role of the variable dielectric constant
for explaining the system appropriately. The reduction
of mobility in this case is caused by assuming a variable
impurity density. We should note that in the presence
of a constant dielectric constant and impurity density,
the mobility of the system increases with the carrier den-
sity, because the scattering centers do not change. But
since the mobility is related to the impurity density as
µ ∝ 1/ni, then assuming ni = 0.01n2D can lead to reduc-
tion of the mobility with increasing the carrier density.
Taking into account the interband contributions in
electron-electron interaction is also important to obtain
µ ∝ n−32D behavior of the mobility. In Fig. 4, we compare
the mobility of the system, both in the presence (solid
line) and in the absence (dashed line) of interband inter-
actions. A faster decrease of the mobility with respect to
65 10 15 20 25 30 35 4010
2
103
104
105
106
107
noninteracting bands
n2D(1013cm-2)
µ
(cm
2
/V
s)
t2ginteracting bands
anisotropic2DEG
FIG. 4. (Color online) Mobility versus 2D carrier density
considering variations of dielectric constant as a function of
electric field. Solid line shows the the result of calculations
assuming both interband and intraband interactions. Dashed
line is the mobility of the system ignoring the interband in-
teractions and the dashed dotted line shows the mobility for
an anisotropic 2DEG with the same effective mass of an el-
lipsoidal band and the same variable dielectric constant.
the carrier density is found when the interband interac-
tions are not considered. It can be seen that the effect
of these interactions is crucial, especially in lower carrier
densities where |~k− ~k′| is smaller for ~k and ~k′ in different
bands and therefore the interband interaction is stronger
which results in considerable reduction of the mobility.
As the carrier density increases, enhancement of |~k − ~k′|
between different bands reduces the effect of interband in-
teraction. It is also worthwhile to note that although the
interband scattering processes lead to the enhancement of
the mobility by a factor of 2, but it is not responsible for
changing the behavior of the system effectively. In Fig.
4 we also show the mobility of an anisotropic 2DEG with
m∗ = √mxmy and the same dielectric constant variation
with carrier density as the main system. The mobility
plotted in this case belongs to the direction with lower
effective mass. Here again we can see roughly the same
behavior as a result of the variable dielectric constant
but the mobility is higher in this case with comparison
to the t2g case, the direct result of multiband nature of
the latter for which the existence of low mobility bands
reduces the total mobility.
Next, to investigate the contribution of bands in total
mobility we plot the mobility of each band separately in
Fig. 5. We show in the inset the density ratio of each
band n2D,n/n2D, where n = 1 (dxy) and 2 (dyz, dxz),
with respect to the total carrier density, n2D. It follows
from the graphs that in lower density region, the majority
of carriers belong to dxy band with a relatively higher
5 10 15 20 25 30 35
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µdyz
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n
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n
/n
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µTotal
0.1
0.3
0.5
0.7
n2D,2 / n2D
µdxy
FIG. 5. (Color online) Contribution of each band in the
total mobility of the system. In lower density region, the ma-
jority of carriers belong to dxy band with a relatively higher
mobility. As the density of the system increases, dxz and dyz
bands with an effective lower mobility become populated. In-
set: the density ratio of each band n2D,n/n2D, where n = 1
and 2, with respect to the total carrier density.
mobility. As the density of the system increases, dxz
and dyz bands with an effective lower mobility become
populated. Although these lower mobility bands reduce
the total mobility of the system in higher density region,
this effect is not strong enough to explain the peculiar
reduction of the total mobility with density.
IV. SUMMARY
In this paper, we have investigated transport proper-
ties of 2DEG at the interface of band insulators SrTiO3
and LaAlO3 pursuing an integral equation approach to
solve a three band Boltzmann equation at low tempera-
ture. We performed our calculations in a range of car-
rier density where we could neglect spin-orbit interaction
and employ the simple three band Hamiltonian with only
anisotropic nearest neighbor hopping between Ti-t2g or-
bitals. The scattering mechanism we employed is the
electron- charged impurity scattering, which is dominant
at low temperature. In order to obtain a more realistic
picture of the scattering potential, screening effect was
also included within the RPA approach. In this regard
we have shown the anisotropic characteristic of the di-
electric function of 2DEG at the interface resulting from
presence of elliptical bands and hence dependence of the
interaction on both |~k− ~k′| and the angle between them.
To explain the peculiar reduction of the mobility of
the system observed in the experiment we have empha-
sized on taking into account the variability of the dielec-
7tric constant of SrTiO3 with carrier density using a phe-
nomenological relation. We have shown that considering
the dielectric constant reduction with confinement field
or carrier density and also a reasonable assumption of
variable ni can properly approve the experimental find-
ings. We should emphasize that the electron transport is
sensitive to the origin of the dielectric constant, which its
value changes by the 2D electron density. We have also
discussed about the contribution of each band in total
mobility and concluded that although at higher carrier
densities, lower mobility bands become populated -which
lowers the total mobility- but this effect can not explain
the observed phenomenon by itself.
The significance of interband interactions specially at
a lower carrier density was also discussed and we have
demonstrated that the exclusion of these interactions re-
sults in even faster decrease of the mobility with carrier
density. Interband scattering processes were indicated to
be important as well to the extent that neglecting them,
the mobility approximately increases by a factor of 2.
Although the overall behavior of the mobility is in
agreement with experiment, the absolute value is over-
estimated in our calculations. This can be owing to the
special choice of quantities such as effective mass and
band offset. We should also note that even at low tem-
perature there exist scattering centers other than that of
charged impurity like interface roughness which can mod-
ify the total value of the mobility. On the other hand, it
is believed that not all the electrons at the interface take
part in conduction process, but some of them are local-
ized in trapped states at the interface [12]. In this case
they can alter the potential profile and the confinement
field at the interface, but they do not contribute to the
transport. Making use of this fact can reduce the value
of the mobility of the system.
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